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Process for preparing carboxylic acids by reaction of alkali metal carboxyiates 
and liquid cation exchange agents 

cr am ™jr«^ re !?- t0 P re P aratio " of a carboxylic acid from the corresponding alkali metal 
°on ™xchanoe ZZSZtfZ T SO ' Uti ° n - ,n P articula '< *«• '"vention relates to thluse of Hqufd 

adds 9 conversion of salts of carboxylic acids into the corresponding carboxylic 

th« .^T" 9 thS Va u' OU ! metho . ds Previously used for the recovery of carboxylic acids from their salts 
the most common has been acidification with an aqueous solution of a mineral acid Th^me^n h« 
Sta^STKr T^ Ct0tV f ° r ^ recoverY of water-soluble L^^teT^cASSrtSS^ 
S;;t 8 : JSf 8 a9SntS - ^ water-soluble carboxylic acids are difficult to separaSm S« 

70 



25 



30 



/:r,.i..^?rt!r" 2 8 - 95 S8 t dei » cr,bes a method for transforming the alkaline earth and alkali metal salts 

d t ^sateZhTfeed^d r« n0 t C ^% aC ^ T ^ iminodiacatic acid fa V contactSg a solution 
ot tne salts with a feed bed of a sulfonated vinyl aromatic ion exchange resin. 

rnntam^o^ K ofthis invention is useful to produce in high yield carboxylic acids free of 
contaminant by-product salte produced in the conventional acidification reaction* 

n^ 1 !M^ , SSli" PrOCeSS ^ Preparb9 3 Carb0Xy " C acW from ite corresponding a.kali 
ov.Ko!f ' reactina an a °"eous solution of the alkali metal or ammonium carboxylate with a liouid cation- 
LSSfeacfd" 3 Water - inSO,ubla ° r 9 anic s °' va "< which does not dissolve th! ^ co?respond°ng 

20 solvent SeParatin9 * e aqUeous solution containing the thus-prepared carboxylic acid from the organic 
The practice of the present invention shows that despite the hiah alkalinitv of coim^e nt 
TE*2b££i? meta ' CarbOXy,ateS ' ^ cation-exchangee age'nts^ff^ 

The carboxyiates acidified in this process can be essentially any carboxylate which is soluble in 
Z-?"? Wh,C £ 58 aubstan tially insoluble in the organic solvent for the Hqu°° fon-exc^ 
process is apphcable to alkali metal or ammonium salts of aliphatic hydroxycarbCwIic acids or 
o^ctLTof 3 ^ ere ° f ' for . exam P ,e ', a j? a,ka,i ™ ta » 9'vcolate or an alkali metal i S diJyS c acid The 
carooxvUcVoiH ' S ? art ' c " ,ar, V a PP . icab ! a *> an alkali metal or ammonium salt of an iminopoly- 

carboxyl.c acid or of an aminopolycarboxylic acid, such as alkali metal salts of nitrilotriacetic acid (NTA1 
ethylened.aminetetraacetic acid (EDTA),.diethylenetriaminepentaacetic acid (DTPA) trie^v^enetetra ' 
ammehexaacetic acidJTTHA). hydroxyethyliminodiacetic acid (HE1DA), N.N-d^rhydro^XlJgS 
£e nri'^ 1 ^'" ° d,a v etiC . aCld ( ' DA) 3nd N-(2^i«^yl) B thylen^taminltri.L^c d (HEDTA) 
35 I5ch P a * DT& »V? V £Ta " m ° st a PP ,icab,e . to those alka,i metal salts ° f aminopoiycarboxVTc acTd 
35 concen^^aVeous"^ ^ t0 *»•« than precipitated a 

well -TntS™ a l~ a >l ^ ra *°* y . late as " sed herein refers, generically, to ammonium carboxylate as 
cTmo^late P ° taSSIUm and Sodlum carboxyiates. The preferred alkali metal carboxylate is a sodtum 

40 varietl* of Sta?rtS * ^T* £ JS 1 "? me . tal carbo ^ a ^ compounds andin particular a 

S S L" a , Sin9le ac,drfica «on. It is also operable in this process to employ a 

iE .tt 116 ? carboxylic acid moieties as well as alkali metal carboxylate mofeties To 
Si" . ,s . ad y a ntageous that the trisodium salt of HEDTA is the major component when 

m^nosodrum l^HPnTA - ^ ° Perab ' e t£> initiate acldificati °" when the trisodium P disodium or 
2T^Zt ♦ • TA 18 the . ma ^ or component present. Of course, as the acidification progresses 

the major component is progressively one more highly acidified. 

ra . ^ carboxylic acid prepared by this method can bear alkali metal carboxylate moieties as well as 
ESSIES mo ' e ,es -J ba 1 on, y requirement is that the carboxylic acid is acidified to a greater degree 
2? it \^a£ e u l rarbo fy ,ate from which it is prepared. However, it is desirable that the carbolic 
acid is substantially completely acidified by this process. 

r^rti™ "Ji^" meta ' carboxyiates can be prepared by a variety of conventional means, for example, 
3o1 °Sb and^nfRl'^n meta > h V d «« idaa - U-S. Patent Nos. 2,387,735. Bersworth, issued Octobl 
meth T 2,407,645 Bersworth, issued September 17,1 946, are of interest in that they describe 
mTe?~t a£ a^T'"?, amin ?P°'ycarboxylates. Many alkali metal carboxylate compounds of 

interest are also available commercially. 

Adv^l^l^ 1 E r r OXYl f ?f iS S!** 6 ?* in - an ac ? ueous soiution and its concentration is not critical. 
Jnl^Sin^ S^* 8 ^« me . ta! cart>ox V ,ate is P~t in great enough concentration in the aqueous 
u nf ' ,1 a - C,d,fi u 8t, ? n ° an t be conducted efficiently. Desirably, the aqueous product solution 

Lull uc t h ho conce " trat ^ n th « can be effectively and economically used as a chelating solution. Of 
rnm^,oH ed ,, ran9e ° f a{ ^ U msta[ carbo **\ate concentration depends on the specific 

compound, but normally concentrations of from 10 to 50 weight percent are preferred. 

organic solvent should be liquid under conditions of use and inert to the liquid ion-exchange 
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to 



15 



KEbtofci w^erTl ItoJ^^T^u'^T^ 3 acid - 1,16 or 9 anic so,vent should also be 
ube S hi JriTS^ ^ «"w«too* o/CAem/s&y and Physics or within the definition of 

2^TOd!^^r£33' * 30 Se P arat1 ° n of the or 9 ani0 and *• Phases 

^soluble in ^r^^ o^ ♦ ^ 0,8 carbox V ,,c acid product must be insoluble or substantially 

KSgfi GSS&KM 3SSS r^SsiszSjaSS 
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HO — P — OR 
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2Kf , iS l f r"5TS StTEtSf rSleST' V^ff^W*"* the total number of 
independently having from 1 to 20 carbon atamf rLVf d ,f sirab . le *« R and R ' are alkyl groups 

vanety of suitable liquid-liquid contactors. The contact cTn occur « 1 ht HT ( ? 3) d,soloses a 
Repeated contact of the alkali metal carboxytate w?tn fresh oort ons of the ,io Ui H ^""fT 
can be used in a batchwlse process to nJ,,il w„h J P ortlona of the liquid ion-exchange agent 
contact can be bH^bM^cS^^J^^^^^^ acidification Advantageously, the 

suitable column contactor to promote !Xtam^^^S ^?r° r| ? ,n,C ac " ueous P hasaa h a 
<o liquid ion-exchange agent pr ° m ° te substa ntially complete ac.d.ficat.on with a minimal excess of 

also Impor^^ to the alkali metal carboxy.ate is 

ratio exchange agentrcarooxvlate) of less than ■ ?T« 9 °u acld,ficat,or »- An equivalent weight 

uneconomic use of the exchange agent ai theS ratios effectlveness at Wflher ratios and the 

reacted ^^Vt^i^jL&^^^ ? ^ P"**** 8nd -"-change 
normally advantageous to wSSS 22S?.S?IjS " , s, 9 nrficant decomposition. It is 
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The carboxylic acid product can be conveniently isolated by precipitating it from a hot 
concentrated aqueous solution by cooling the solution. This method isolates the carboxylic acid 
substantially free of alkali metal carboxylates. Alternatively, the water can be evaporated or removed by 
distillation to isolate the carboxylic product as a residue. While the foregoing methods of recovering the 
acid product are convenient, the instant acidification process does not extend to and therefore is not 
limited by any particular method of product isolation. 

When the liquid ion^exchange agent is used in a iarge molar excess relative to the carboxylate, it 
can be used repeatedly pnor to regeneration, because only a minor part of the agent present is 
exhausted in each acidification. The exchange agent can be regenerated in a batch 




partially exhausted ion-exchange agent in its organic splution, so as to regenerate the exchange agent 
Alternatively, the partially exhausted liquid ion-exchange agent in the organic solution can, in a 
16 continuous process, be contacted countercurrently with an aqueous solution of a strong mineral acid to 
effect regeneration of the liquid ion-exchange agent. Desirably, the aqueous solution of mineral acid is 
employed in a concentration of at least 1 mole per liter. The partially exhausted exchange agent can be 
regenerated to greater than 95 percent of the acid form present in the fresh exchange agent by the 
aforementioned method. The regenerated exchange agent can be employed in the instant method of 
20 acidification. 

The following examples illustrate the invention. 

Example 1 

In a series of runs which differed only in the organic solvent an aqueous solution containing 20 
25 percent by weight of trisodium N-(2-hydroxyethyl)-ethylenediaminetriacetate (Na 3 HEDTA) having a pH 
of 13.2 is mixed with an organic solution containing 40 percent by weight of D2EHPA to create a 
reaction mixture. This reaction mixture contains an equivalent weight ratio of D2EHPA to Na 3 HEDTA of 
1 0:1 . The aqueous solution and organic solution are contacted with agitation at a temperature of 22°C. 
After one hour, the agitation is stopped and the organic and aqueous solutions are allowed to 
30 separate into phases. If the organic and aqueous phases are clearly defined and readily separable, the 
aqueous solution is separated from the organic solution. The pH of the aqueous solution is then 
measured. 

The pH of the separated aqueous solution is adjusted to 1 1 .0 and the chelation value determined 
by titration with a standardized solution of calcium chloride in the presence of oxalate ions. The 
36 recovery of chelation value is calculated by comparing the total amount of chelant (as determined by 
the calcium titration) before reaction with the liquid ion-exchange agent with the amount of chelant 
present in the separated aqueous phase after the reaction. The final pH and percent chelation recovery 
for contact with each of the organic solvents evaluated is tabulated in Table I. 



40 


Solvent 


TABLE I 

% Chelation 
Recovery 


Final pH 


45 


Kerosene 


99.6 


3.55 




Carbon Tetrachloride 


98.2 


3.63 




Perchloroethylene 


99.2 


3.56 


50 










Dichloromethane 


* 


3.75 



• Poor separation of phases, no titration made. 

55 

The pH data in Table I indicate that substantial acidification of the Na 3 HEDTA occurs in all of the 
solvents. However, the pH of a saturated aqueous solution of HEDTA at 25°C is 2.2. Based on the acid 
dissociation constant of HEDTA, this batch process in kerosene, carbon tetrachloride and perchloro- 
ethylene completely acidifies about 20 percent of the Na 3 HEDTA and produces essentially a remaining 
60 amount of the monosodium salt of HEDTA. 

The recovery of chelation value in acidifications conducted with three of the solvents indicate that 
little of the Na 3 HEDTA or the acidified products is lost to the organic phase. The methylene chloride 
solvent is less desirable than the other three solvents, because a clean separation between the phases 
is not obtained. 
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Example 2 

Ma HPn?A mann ^S- ^ W ^f Simi '- ar t0 the method set out in Sample 1 . a 20 weight percent solution of 
& S I™« / S^tT ° f liquid "tion-exchange agents. In the tabulated separate runs, 

mit*^ h ° K* 0n *°no N c a L3oP T ^ is conta «ed with kerosene solutions of D2EHPA, oleic acid, or a 1 :1 
mtxture by we.ght of D2EHPA and mono-2-<ethylhexyl phosphoric acid (M2EHPA). In two more runs 

in T/L^^rf ^ niC « Cid ( S NN u SA) heptane is em P'°V ed as cation-eTha^ge agent 

l£h, ^ an.c solvent The final pH, the equivalent weight ratio of the exchange agent to NaJHEDTA 
weight percent of the agent in the organic solvent, and percent chelation recovery fo? contart witii Teach 
of the exchange agents are tabulated in Table II. • 



TABLE II 



75 


Exchange 
Agent 


Eq. Ratio 
(Exch. Ag.: — 
Na 3 HEDTA) 


Cone 
Exch. 
Agent 


% 

Chelation 
Recovery 


Final 
pH 




D2EHPA 


2:1 


40 


97.9 


4.6 


20 


D2EHPA 


10:1 


40 


99.6 


3.6 




Oleic Acid 


5:1 


13 


-i 


7.2 


25 


Oleic Acid 


10:1 


13 


90.0 


7.4 


D2EHPA/M2EHPA 


1:1 


43 


80.2 2 


4.7 




DNNSA 


1:1 


20 


-3 


-3 


30 


DNNSA 


10:1 


20 


-3 


-3 



' Very poor separation of layers; emulsion formed. 
Very slow phase separation. 
35 3 Loss of chelant into organic phase; emulsion formed. 

The P H data in Table II indicate that the phosphoric acid derivatives are relatively more efficient 
exchange agents in this embodiment than are the other agents tested. 
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w ...w.. t me uuici dyeiits lesxea. 

The recovery of chelation values with the four exchange agents tabulated indicates that D2EHPA 
is superior in this respect to the other liquid ion-exchange agents. 

Example 3 

V qUe °!iu so 1 ,ut . ion c ° n ^ jn ! n 9 20 Percent by weight of Na 3 HEDTA is reacted in separate 
ac.dificat.ons with solutions of 10, 40 and 70 percent by weight D2EHPA in kerosene. The equivalent 
weight ratio of D2EHPA to Na 3 HEDTA is varied for each concentration of D2EHPA in the ratios ; of 1 :l! 

JJvi-* an 5 1" . . manner of acidification is otherwise similar to that set out in Example 1 . After 
rTr—nt ^o^uIa - P t,° f the a *" eo V s solution is measured. The equivalent weight ratio, weight 
percent of D2EHPA in kerosene and the final pH are tabulated in Table 111 -a 



60 TABLE III 
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Final pH at Listed 
Concentration of 
D2EHPA 



Equivalent Ratio 








(D2EHPA:Na 3 HEDTA) 


10% 


40% 


70% 


1:1 


6.20 


5.50 


5.45 


2:1 


5.20 


4.65 


4.70 


10:1 


4.05 


3.60 


3.45 


30:1 


3.65 


3.10 


3.05 
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The pH data in Table 111 indicate that for a given equivalent weight ratio of D2EHPA to Na,HEDTA 
a greater degree of acidification is effected with 40 than with 10 weight percent D2EHPA. However] 
there is only a slight increase in the degree of acidification when the concentration of D2EHPA is 70 
instead of 40 weight percent. Further, the data in Table I indicate a significant increase in the degree of 
5 acidification at all concentrations of D2EHPA as the equivalent ratio of D2EHPA to Na HEDTA 
increases. 3 



Example 4 

An aqueous solution containing 20 or 40 percent by weight of N a -HEDTA is reacted in separate 
jo acidifications with solutions of 40 and 70 percent by weight D2EHPA in kerosene. The equivalent 
weight ratio of D2EHPA to Na 3 HEDTA is 1 0:1 in each instance. The manner of acidification is otherwise 
similar to that set out in Example 1 . After the acidification the pH of the aqueous solution is measured. 
The aqueous phase is then separated from the organic phase and the chelation value determined in the 
conventional manner. The initial weight percent of the Na 3 HEDTA and of D2EHPA, the final pH of the 
ib aqueous solution and the recovery of chelation value are tabulated in Table IV. 



20 



25 





TABLE IV 




Na 3 HEDTA 
{%) 


D2EHPA 
(%) 


Final 
PH 


Recovery of 
Chelation Value 
(%) 


20 


40 


3.60 


99.6 


40 


40 


* 


72.9 


20 


70 


3.45 


97.0 


40 


70 


« 


92.4 



30 



* Product crystallized before pH measurement obtained. 

The data in Table IV indicate that at a concentration of 40 percent by weight Na,HEDTA, the acid 
35 product formed precipitates very rapidly. This rapid precipitation results in the loss of some of the acid 
product on the separatory funnel, thereby resulting in a lower recovered chelation value. Separation at 
higher temperatures eliminates this problem. 

Example 5 

40 A reciprocating plate column 6 feet (1.83 m) in length and having a 1 inch (2.54 cm) internal 

diameter is used to effect continuous countercurrent contact of an aqueous solution of Na 3 HEDTA and 
a kerosene solution of D2EHPA. An aqueous solution containing 41.3 percent by weight Na 3 HEDTA is 
introduced into the top of the column. Into the bottom of the column is introduced a solution of 
kerosene containing 60 percent by weight D2EHPA. The rate of introduction of the two reactants Is 

45 adjusted in separate runs to effect various equivalent weight ratios and various amounts of reactants 
put through the column in units of gallons per hour per square foot (gph/ft 2 ) (1/hr/m 2 ). The strokes per 
minute of the reciprocating plate are optimized in each run to obtain the lowest pH measurement for 
the aqueous product stream. A final pH measurement of the aqueous product stream is taken at the 
end of the run. The column and solutions of reactants are heated in order to maintain the solubility of 

so the acid within the reaction zone of the column. The relevant parameters and operating conditions are 
tabulated in Table V. 
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TABLE V 



5 


Solution 
Throughput, 
gph/ft 2 
(1/hr/m*) 


Equivalent 

Ratio 
(D2EHPA/- 
Na 3 HEDTA) 


Te m De rat u re 
(°C) 


Run Tlmp 

I 1UI ■ III! IC 

(hours) 


Pinal 

PH 




600 (24,600) 


3.3:1 


48 


2.0 


2.50 


10 


600 (24,600) 


3.3:1 


58 


2.0 


2.54 




600 (24,600) 


3.3:1 


68 


2.0 


2.59 


15 


600 (24,600) 


3.3:1 


78 


3.0 


2.59 


600 (24,600) 


1.3:1 


60 


2.0 


2.90 




600 (24,600) 


2.3:1 


60 


3.0 


2.50 


20 


600 (24,600) 


4.3:1 


60 


3.0 


2.49 




900 (36,900) 


1.3:1 


60 


2.3 


3.18 


25 


900 (36,900) 


2.3:1 


60 


3.0 


2.88 


900 (36,900) 


3.3:1 


60 


2.5 


2.58 




1200 (49,200) 


3.3:1 


60 


2.8 


2.83 



30 



m i^J?? eSt rate of so,utJon throughout tested (600 gph/ft 2 ), more than 60 percent of the 
Na 3 HEDTA is converted to HEDTA in all but one of the runs. The lower conversion in one of the runs is 
the result of the relatively slight excess of the liquid cation-exchange agent employed in that instance. 
At higher rates of solution throughout an even greater excess of D2EHPA is necessary to effect the 
35 same degree of acidification. 

Temperatures of from 48°C to 78°C have little effect on the degree of acidification effected. 

Comparative Example 1 

In a process not embodying the claimed process, an aqueous solution of Na 3 HEDTA is acidified 
4Q with sulfuric acid A 600-gram aqueous solution of 20.7 or 41 .3 weight percent Na 3 HEDTA is cooled to 
0 C. Sulfuric acid is then added to the aqueous solution Jo^reduce the pH of the solution to 2.0 The 
so ution is then seeded with a small amount of sodium sulfate crystals to precipitate solids. The 
solution is filtered by suction. The remaining solids are washed with distilled water at 0°C and this 
second filtrate is collected. Each filtrate is analyzed to measure the weight percent of sulfate and the 
45 percent recovery of chelation value by conventional methods. The data and operating conditions are 
tabulated in Table VI. 



50 



55 



TABLE VI 
Filtrate 1 



Filtrate 2 



Na 3 HEDTA 
(Weight %) 

41.3 

20.7 



H 2 0 Wash 
(milliliters) 

500 

175 



Chelation 
i% Recovery) 

29.0 

73.5 



Sulfate 
(Weight %) 

19.4 

21.5 



Chelation 
{% Recovery) 

20.0 

23.5 



Sulfate 
(Weight %) 

10.7 

13.4 



60 am *f iS S6 ? n t?™^ data in Table V". the solubility of sodium sulfate is high enouqh that a larae 
amount remains in the solutions of HEDTA. Therefore, it is difficult to separated tne ^toi^Sbte 
carboxylic acid product from the salt of the mineral acid. soiuoie 
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Claims 

1 . A process for preparing a carboxylic acid from its corresponding alkali metal carboxylate, 
characterized by: 

5 (a) reacting an aqueous solution of the alkali metal or ammonium carboxylate with a liquid cation- 

exchange agent, which is insoluble or only slightly soluble in water and does not form emulsions with 
water and which reacts selectively with an alkali metal carboxylate, in a water-insoluble organic solvent 
which does not dissolve the corresponding carboxylic acid; 

(b) separating the aqueous solution containing the thus-prepared carboxylic acid from the orqanic 

to solvent. 

2. The process as described in Claim 1 and further characterized in that the liquid cation -exchange 
agent is a phosphoric acid derivative corresponding to the formula 

O 
II 

HO — P — OR 

I 

OR' 

20 wherein R and R' are each hydrogen, alkyl, aralkyl, alkaryl or aryl, providing that the total number of 
carbon atoms in R plus R' is at least one. 

Patentansp ruche 

2S 1. Verfahren zur Hersteliung einer Carboxylsaure aus dem entsprechenden Alkalimetall- 

carboxylat, dadurch gekennzeichnet, daB 

(a) eine waSrige Losung des Alkalimetall- oder -ammoniumcarboxylats mit einem flussigen Ka- 
tionenaustauscher, der unloslich ist oder nur schwer loslich in Wasser und keine Emulsionen mit 
Wasser bildet und der selektiv mit Alkalimetallcarboxylat reagiert, in einem wasserunloslichen or- 

30 ganischen Losungsmittel, das die entsprechende Carboxylsaure nicht lost, reagiert; 

(b) die waRrige Losung, die die so hergestellte Carboxylsaure enthalt, von dem organischen Lo- 
sungsmittel getrennt wird. 

2. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, daB derflussige Kationenaustauscher ein 
Phosphorsaurederivat ist mit der Formel 

3$ 



40 



HO— P— OR 

t 

OR' 

wobei R und R' jeweils Hydrogen, Alkyl, Aralkyl, Alkaryl oder Aryl bedeuten, vorausgesetzt, daS die Ge- 
samtanzahl an Kohlenstoffatomen in R und R' mindestens 1 ist. 

4s Revendications 

1. Proc6d6 pour la preparation d'un acide carboxylique a partir de son carboxylate de metal alcalin 
correspondent, caracte>is6 en ce qu'iJ consiste; 

(a) a faire reagir una solution aqueuse du carboxylate de metal alcalin ou d'ammonium sur un 
so echangeur liquide de cations, qui est insoluble ou seulement legdrement soluble dans I'eau et ne forme 

pas d'emulstons avec I'eau, et qui reagit selectivement avec un carboxylate de metal alcalin, dans un 
solvant organique insoluble dans I'eau qui ne dissolve pas I'acide carboxylique correspondent; 

(b) a separer du solvant organique la solution aqueuse contenant I'acide carboxylique ainsi 
prepare. 

55 2. Proc6d6 selon la revendication 1, caracteris6 en ce que I'echangeur liquide de cations est un 

de>iv6 de I'acide phosphorique correspondent a la formule: 



60 



O 

HO — P — OR 
I 

0R f 

ou R et R' sont chacun I'hydrogene, un alkyle, un aralkyle, un alcaryle ou un aryle, a la condition que le 
55 nombre total d'atomes de carbone dans R plus R' soit d'au moins un. 
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